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Abstract Pulmonary rehabilitation (PR) programmes produce initial improvements in exercise tolerance and
health status in patients with chronic obstructive pulmonary disease (COPD). However, there is limited data on the
longer term effects of PR. This study has examined whether the initial benefits gained in exercise tolerance and
health status may be maintained after a 1-year follow-up programme. Sixty-six patients with COPD were assessed
with the MRCDyspnoea Scale and found to bemoderately disabled due to dyspnoea (MRCGrades 3 and 4).These pa-
tients were then randomised to an 8 week outpatient programme of either exercise training and education (Exercise
group) or to education alone (Controlgroup).Exerciseperformancewas assessedwiththe shuttlewalking test andhealth
status assessed with two disease-specific measures, the St George’s Respiratory Questionnaire and the Chronic Re-
spiratory Disease Questionnaire. After PR, all patients were invited to attend monthly follow-up sessions for 1 year.
Fifty-six patients were available for follow-up immediately after the programme and were assessed at 6 months
and1year.
This study has shown that the patients in the Exercise group maintained improvements in exercise capacity and
health status up to 6 months after an 8 week programme. At 1 year there was a significant difference between the
Exercise and Control groups in terms of exercise tolerance due to a considerable decline experienced by the Control
group.However, neithergrouphadmaintainedimprovementsinhealthstatus at1year.Further studyisrequiredtoassess
whether benefit may be sustained for a longer period using alternative follow-up strategies. r 2002 Elsevier Science Ltd.
Allrights reserved.
Available online athttp://www.sciencedirect.com
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Pulmonary rehabilitation (PR) programmes aim to re-
turn thepatientwith chronic obstructivepulmonary dis-
ease (COPD) to the highest level of independent
functioning.This is achieved by providing individually tai-
lored exercise training schedules, education and psycho-
social support. Initial improvements have been observed
for measures of exercise capacity, health status,Received19 April 2001, accepted in revised form 24 June 2002.
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studies concerning the longer termmaintenance of these
improvements.
Improvements in exercise tolerance and health status
have been shown to decline between 6 and 12 months
after the training programme (4^7) although in
one study improvementwasmaintainedup to18months
(8). Bene¢ts gained in dyspnoea and self-e⁄cacy have
generally been found to be present for slightly longer, up
to 12^18 months (8,9). A more recent study by Gri⁄ths
and colleagues (10) found that the length of stay in hospi-
tal was decreased after rehabilitation.Thus, current stu-
dies suggest that bene¢ts of PR may be sustained for
between 6 and18 months depending upon the outcome
assessed.
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e¡ect of PR in patients withmoderately disabling COPD
that had received an 8 week training programme. Initial
results have been previously reported (11) and showed
that only the Exercise group gained bene¢t from the in-
itial programmewith no e¡ect in the Control group.We
hypothesised that the Exercise intervention group
should show a prolonged bene¢t, so all patients were in-
vited to attendmonthlymaintenance sessions for1year.
METHOD
Patient selection
One hundred and thirty-eight patients with stable se-
vere COPD (70 males, 68 females; median age 70 years
(range 44^81)) were recruited from the respiratory out-
patient clinic at the London Chest Hospital. Of the 138
patients approached, 10 declined to take part in the
study.Onehundred and twenty-eightpatientswere stra-
ti¢ed according to disability using the MRC Dyspnoea
Scale (12). Moderate disability: MRCGrades 3 and 4, Se-
vere disability: MRC Grades 5. Only patients in MRC
Grades 3 and 4 were invited to attend outpatient fol-
low-up.The results of patients with severe disability are
not reported in this paper since no initial improvements
were observed in this group.
The study protocol was approved by the East London
and City Health Authority Ethics Committee and all pa-
tients gave written consent to participate. Entry criteria
included a history of COPD with forced expiratory vo-
lume in 1s (FEV1) less than 70% predicted and less than
15% reversibility to inhaled salbutamol (400mcg). All pa-
tients included had a limited level of exercise tolerance
due to dyspnoea. Patients had to be clinically stablewith
no exacerbation for 3 weeks prior to recruitment. Med-
ical treatment was optimised before entry to the study
andwas not changed over theprogramme.Patientswith
unstable angina, peripheral vascular disease, joint limit-
ingmobility condition orwhowereunable tounderstand
and complete questionnaires were excluded.
Study design
After allocation to disability grade, patients were rando-
mised to either an exercise training group (Exercise),
that received both exercise and education twice weekly
for 8 weeks or to the education group (Control), who
received education twice weekly for 8 weeks. The ran-
domisation sequence was computer generated in blocks
of eight and the codes were held in sealed envelopes.
Thirty-three patients were randomised to each of the
Exercise and Control groups in the Moderately disabled
group.Assessments
All patients were assessed before and after the rehabili-
tation programme, at 6 months and 1 year with the fol-
lowing assessments:
Lung function
Spirometrymeasurementsweremadeusing a rolling seal
spirometer (PK Morgan Ltd, Rainham U.K.). Resting
blood gases were measured from earlobe (13) samples
with the subject breathing room air for 20min (Ciba-
Corning 278 Blood gas analyser; Med¢eld,MA,U.S.A.).
Exercise tolerance andbreathlessness
Exercise capacity was assessedusing the Shuttlewalking
test which is a maximal externally paced incremental ex-
ercise test (14). Patients were requested to walk be-
tween two cones placed 10m apart. The speed of the
walk was increased by a small increment after eachmin-
ute; the instructions being standardised from a tape cas-
sette recording.The endpointwas determinedwhen the
patient was unable to maintain the speed required. All
patients performed the test twice as learning e¡ects
have been reported with repeated walking tests (15).
Oxygen saturation level and heart rate were monitored
throughout thewalk, using a ¢nger probepulse oximeter
(Minolta, Pulsox 7, AVL instruments, Sha¡hausen, Swit-
zerland). Supplemental oxygen was provided on the sec-
ondwalk if oxygen saturation fell below 85% on the ¢rst
shuttle walk. Dyspnoea level was measured before and
after the shuttle walk with the Borg Breathlessness
Score (16).
Health status assessment
Health status was assessed along with measures of daily
activity and mood state. Two health status measures
were used
Chronic Respiratory Disease Questionnaire (CRDQ)
The CRDQ measures health status and was speci¢cally
designed for assessment of change after rehabilitation
(17). It has four component scoresFdyspnoea, fatigue,
emotional function and mastery measured on a 7-point
Likert scale. The dyspnoea component of the question-
naire is individualised to ¢ve activities, which cause the
patient to experience dyspnoea and are ordered accord-
ing to severity and importance. These components can
be added together to provide a global score of health
status.
PULMONARYREHABILITATION 175St George’s Respiratory Questionnaire (SGRQ)
The SGRQ is a valid and reliablemeasure of health status
in patients with COPD (18). It has been shown to be sen-
sitive to changes in health status with treatment for
COPD (19). It consists of 50 items with 76 weighted re-
sponses and three component scores, symptoms, activ-
ities and impacts (psychosocial dysfunction). A total
score is calculated from all three components with zero
indicating no health impairment and 100 representing
maximum impairment.
Mood state anddaily activity
The Hospital Anxiety and Depression (HAD) Score (20)
was used. This questionnaire consists of 14 items which
produce separate scores for anxiety and depression.
The scores range from 0 to 21and a score of 10 or more
indicates a clinically signi¢cant case of anxiety or depres-
sion.
Activities of daily living weremeasuredusing theNot-
tinghamExtendedActivities ofDaily Living (EADL) Scale
(21) which is an instrument with 22 items which records
the number of activities (from 22 listed) that the patient
had engaged in during the previous week. Scores range
from 0 to 22, with a score of 22 indicating a high level of
activity.
These questionnaires were completed at one sitting,
each patient completed the questionnaires in the same
order.Mostpatientswere able to complete the question-
naires unaided, those that were unable to self-complete
due to shakyhands, inability to read or poor eyesighthad
the questionnaires read out to them in the exact format
that the questions were set.Non-directive guidancewas
given on the few occasions when patients had queries on
how to answer questions.
Rehabilitation programme
Exercise programme
The exercise programme consisted of upper and lower
limb training and an aerobic component. Training was
based on the principle of body conditioning using low-in-
tensity repetitions of isolatedmuscle groups designed to
minimise dyspnoea whilst improving peripheral muscle
tone.Exercise sessionswere conducted over1h, patients
performed11 exercises in total. The aerobic component
of the exercise programme involved fast walking over a
distance of 10m and unloaded cycling on a cycle erg-
ometer. The duration of the exercise was timed or the
number of repetitions counted for each task. All patients
were encouraged to increase the number of repetitions
or time spentwalking or cycling at each session. Patients
attended the follow-up exercise programme once per
month for 12 months, but were advised to exercise upmaximum of ¢ve times and not less than three times a
week in their own time. Diary cards were provided and
patients were requested to record the amount of exer-
cise they performed both at the hospital and at home.
Intensity was determined on an individual basis and self-
limited by dyspnoea.Each patient exercised until breath-
lessnesswas felt to bemoderate to somewhat severe on
the Borg breathlessness scale. Patients, who were on
long-term oxygen therapy, exercised using supplemental
oxygen at a £ow rate su⁄cient to maintain saturations
above 85%.
Education programme
Both the Exercise and Control groups received the edu-
cation programme. There were 16 education sessions
that lasted for approximately 45min including discussion
time.Theprogramme included topics on thebasic anato-
my andphysiologyof COPD, bronchodilator therapy and
inhaler devices, nebuliser therapy, long-term oxygen
therapy, smoking cessation, relaxation sessions, chest
clearance and breathing techniques, nutrition, travel
with COPD, when to call the doctor and information
about medication, conservation of energy whilst per-
forming daily activities and psychosocial problems asso-
ciatedwith respiratory disability,
Follow-up
All patients who completed the 8 week rehabilitation
programme were invited to attend monthly follow-up
sessions for 1 year after the programme. Patients in the
exercise group were invited to perform exercises for1h
per month in the hospital outpatient setting and then to
attend a discussion group for half an hour per month.
Those patients receiving the education component at-
tended discussion sessions only.
Statistical analysis
The primary outcome measure was exercise tolerance
assessed with the shuttle walking test. The secondary
outcome measure was health status assessed by both
the CRDQ and SGRQ. All data were normally distribu-
ted. One-way repeated measures analysis of covariance
(ANCOVA) (22) was used to analyse data immediately
after, 6months and1year after rehabilitation.The covari-
ate for each variable analysed was the baselinemeasure.
Student’s t-tests were used as post hoc tests to deter-
mine where the changes had occurred. A one-way AN-
COVA assessing the change frombaseline score to those
at 12 months with baseline as covariate was also per-
formed for measures of exercise tolerance and health
status. The proportion of drop outs across groups was
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accepted at Po0.05.
RESULTS
Patients
The results of initial changes after the 8 week pro-
gramme have been previously reported (10).The patient
pro¢le for the follow-up period is shown in Fig. 1. At 1
year, 47 patients were available for reassessment.
However, only 44 of 47 patients completed all outcome
assessments as three patients had been unable to
attend all four assessment periods. Table 1 shows the
baseline characteristics of the 56 patients available
for assessment, immediately after the rehabilitation
programme.
Compliancewith follow-up
Sixty-eightper centof patients attendedmore thaneight
out of 12 follow-up sessions. There was no di¡erence inFIG. 1. Trialpro¢le.attendance levels between the Exercise and Control
groups. Patients recorded their home exercise on diary
cards, e.g. number of lengths walked and number of ex-
ercises performed.No formal diary card analysis was un-
dertaken.
Comparison of patients completing study to
those that dropped out of the trial
Baseline scores of the 44 patients who completed all as-
sessments were compared to those of the 12 patients
who had dropped out or failed to complete all
assessments and are shown in Table 2. There was no
di¡erence between groups in age, spirometry,
walking distance or health status for patients who com-
pleted the programme compared to those who had
dropped out.
Exercise tolerance
Exercise tolerance1yearcompared to post-rehabilitation
Changes in shuttlewalking distance (SWD) for all groups
are shown in Fig. 2 and Table 3. Repeated measures of
ANCOVA of SWD at post-rehabilitation, 6 months and
1 year with baseline as covariate was performed.There
was a steadydecline in SWDduring the follow-up period
(F1,44=15.97, Po0.0001). The Exercise group had a mean
(95% CI) decline of60 (31to90)m and the Control
group declined by a mean (95% CI) of 23 (5 to 52)m
from 8 weeks to1year.
Exercise tolerance after1yearcompared to baseline
Further analysis using a one-wayANCOVAwithbaseline
as covariate assessed the di¡erence between SWD at
baseline compared to 1 year.There was a signi¢cant dif-
ference between SWD measured at baseline and 1 year
between the two groups (main e¡ect F1,43=6.42,
P=0.015). The Exercise group had a mean (95% CI) in-
crease of 28 (9 to 65)m whereas the Control group
had a mean (95% CI) decline of 40 (3 to 84)m. The
changes within groups were not found to be statistically
di¡erent.
Lung function
There was no change in lung function over time. Re-
peatedmeasuresANCOVAof FEV1immediately after re-
habilitation, at 6 months and 1 year with baseline as
covariate showed no change over time (F1,43=1.22,
P=0.301), andno di¡erencesbetween Exercise and Con-
trol groups (F1,43=1.18, P=0.283).
TABLE 1. Baselinephysiologicalparameters, exercisetolerance (shuttle), health status (SGRQ,CRQandHAD) anddailyactivity
(EADL) scores for exercise and controlgroups (n=56)
Baseline Exercise
(n=23)
Control
(n=21)
Di¡ 95%CI
Age (years) 68.2 (8.4) 69.2 (6.3) 1.0 (5.5 to 3.6)
FEV1 (l) 0.93 (0.30) 1.00 (0.48) 0.07 (0.30 to 0.16)
FEV1% predicted 37 (11) 38 (12) 1.0 (9.1to 5.4)
FVC (l) 2.60 (0.75) 2.52 (0.68) 0.08 (0.4 to 0.5)
PaO2 (kPa) 8.99 (1.17) 8.62 (0.82) 0.37 (0.2 to 0.9)
PaCO2 (kPa) 5.80 (0.53) 5.75 (0.65) 0.05 (0.3 to 0.4)
TLCO (mmolmin1kPa1) 3.69 (1.11) 3.89 (1.62) 0.20 (1.0 to 0.6)
Shuttle (m) 195 (23) 220 (25) 25 (94 to 44)
SGRQ total 51.0 (13.7) 51.9 (13.9) 0.9 (9.1to 7.3)
CRQ total 79.9 (17.9) 85.6 (19.6) 5.7 (17 to 5.4)
HAD depression 4.5 (1.9) 4.6 (3.5) 0.1 (1.7 to1.5)
EADL* 18 (7^22) 18 (12^21) 0 (3.75)
*EADL notnormallydistributed, scores are displayed asmedian andrangewith di¡erence and interquartile range.
*EADL notnormallydistributed, scores are displayed asmedian andrangewith di¡erence and interquartile range.
TABLE 2. Comparison of baseline scores for patientswho completed all assessments to drop outs
Outcome Completers
(n=44)
Drop outs/deaths
(n=12)
Di¡erence (95% CI)
Age (years) 69 (7.6) 67 (7.9) 2 (2.9 to 8.5)
FEV1 (l) 0.97 (0.39) 1.03 (0.69) 0.06 (0.13 to 0.45)
FVC (l) 2.55 (0.71) 2.51 (0.78) 0.04 (0.51to 0.11)
PO2 (kPa) 8.82 (0.99) 8.82 (0.62) 0 (0.33 to1.17)
PCO2 (kPa) 5.79 (0.94) 5.97 (0.94) 0.18 (0.72 to 0.33)
Shuttle (m) 202 (18) 220 (31) 18 (84 to 77)
SGRQ total 52 (14) 51 (14) 1 (0.1^13.8)
CRQ total 81 (19) 80 (23) 1 (22 to 2)
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Chronic Respiratory Disease Questionnaire (CRDQ)
CRDQ 1 year compared to post-rehabilitation. There
was an initial improvement inCRDQafter therehabilita-
tion programme that has been previously reported (11).
A repeated measures ANCOVA were performed using
the baseline score as a covariate for follow-up data.
Therewere di¡erences between the groups (F1,44=6.28,
Po0.016) and there was a signi¢cant change over time
(F1,44=6.75, Po0.002) due to a steady decline in both
groups (Fig. 2 and Table 3). The Exercise group had a
mean (95% CI) decline of8 (15 to0.5) and the Con-
trol group declined by a mean (95% CI) of 6 (11 to
0.6) from 8 weeks to1year.
CRDQ 1 year compared to baseline. Further analysis
(one-way ANCOVAwith baseline as covariate) assessedthe di¡erence between CRDQ Total score at baseline
compared to1year after rehabilitation.Therewas no sig-
ni¢cant di¡erence between CRDQ Total score at base-
line and that measured 1 year after rehabilitation
between the Exercise and Control groups (F1,44 =2.63,
P=0.112). The Exercise group had changed by a mean of
only 7 points and the Control group by only 1 point.
Health status improvements were therefore only main-
tained up to 6 months, but not up to1year.
St George’s Respiratory Questionnaire
SGRQ: 1 year compared to post-rehabilitation Re-
peated measures ANCOVA of SGRQ Total score at
post-rehabilitation, 6 months and1year with baseline as
covariate, showed no signi¢cant change over time
(F1,44=1.273, P=0.265) but signi¢cant variability between
intervention groups (F1,43=4.24, Po0.05), Fig. 2 and Table
3.The Exercisegroup improvedby amean (95%CI) of2
(7 to 3) points and the Control group by a mean of4
(8 to1) points.
FIG. 2. Change in exercise tolerance SWD and health status
SGRQ total score and the Chronic Respiratory Questionnaire
(CRQ) total score at baseline, post-rehabilitation (8 weeks), 6
months and1year.
TABLE 3. Exercise performance mean (SE) assessed via SWD
SGRQand CRDQ,Exercise (n=23) and Control (n=21)
Assessment Group Baseline 8Weeks
Shuttlewalking Exercise 193 (24) 281 (24)
distance Control 215 (27) 198 (23)
CRQ total Exercise 79 (17) 94 (15)
Control 85 (23) 90 (21)
SGRQ total Exercise 51 (14) 50 (13)
Control 53 (15) 56 (15)
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ANCOVAwithbaseline as covariate of SGRQTotal score
at baseline compared to1year after PRwas performed.
Therewas no di¡erence in health status scores between
the Exercise andControl groups (F1,44 = 1.27,P=0.27) and
no di¡erence over time (F1,44 = 0.30 P=0.74).
DISCUSSION
This study has examined the long-term e¡ects of
pulmonary rehabilitation in patients with COPD
randomised to either an Exercise or Control interven-
tion.These patients were followed up for1year after an
8 week rehabilitation programme. The patients in this
study were classi¢ed as moderately disabled due to dys-
pnoea. Initial results revealed that patients in the Exer-
cise group had shown signi¢cant improvements in both
exercise tolerance and health status when compared to
the Control group.
Improvements in exercise tolerance and health status
were maintained for up to 6 months in the Exercise
group. However, at 1 year the Exercise group showed a
decline in scores from thosemeasured immediately after
the rehabilitation programme.The patients in the Exer-
cise group had an initial improvement from mean base-
line walking distance of 43%. By 6 months, walking
distance scores were still improved from baseline by a
mean of 20%, although the mean shuttle walk had de-
creased from that measured immediately after the pro-
gramme. After 1 year, mean walking distance in the
Exercise group was not di¡erent from that measured at
baseline. In contrast, the Control group that had re-
ceived an education intervention only, showed a gradual
decline in walking distance over time and had signi¢-
cantly worse scores than patients in the Exercise group
at all follow-up assessments. Patients in the Exercise
grouphad alsomaintained improvements inhealth status
(assessed by the CRDQ) at 6 months, but again these
were not sustained at 1year. Health Status scores in the
Control group were not di¡erent between the baseline
and1year assessments.Health status assessed by SGRQ(metres) and Health Status measures mean (SD) assessed via
6 months 1Year 1Year ^8 weeks
Di¡ (95% CI)
235 (24) 221 (26) 60 (31to90)
176 (23) 175 (23) 23 (5 to 52)
89 (17) 86 (19) 8 (15 to0.5)
83 (25) 84 (22) 6 (11to0.6)
46 (15) 48 (14) 2 (7 to 3)
53 (18) 52 (17) 4 (8 to1)
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expected to change in so small a sample. Gri⁄ths et al.
(10) have shown changes in SGRQ score after rehabilita-
tion though the studyhadmorepower and concentrated
on COPD patients with moderate disability. These re-
sultsmay indicate that rehabilitation is an appropriate in-
tervention to prevent the gradual decline in exercise
capacity caused by progressive COPD at least tempora-
rily.Further studies are required to determine strategies
for maintaining improved exercise tolerance and to as-
sess the optimal point at which rehabilitation should be
provided in order to achievemaximal bene¢t.
Theresults of ourmaintenanceprogramme are similar
to those observed in other long-term studies (5^7). A
meta analysis of follow-up studies suggested that a mean
maintenance time of 9^10 monthsmay be themaximum
expected after a rehabilitation programme regardless of
the type of follow-up (23,24).COPD is a progressivelyde-
teriorating lung disease andpatientsmaybe prone to ex-
acerbations which can cause interruption to their daily
routine including newly acquired exercise behaviour
(25). Further, it is well known that long-term behaviour
change is di⁄cult to maintain in ‘‘normal’’ populations of
people taking on an exercise programme (26). It is possi-
ble that current pulmonary rehabilitation schedules for
COPD patients are only able to change behaviour in the
short term and are unable to change the patient’s ‘‘life-
style’’ in the longer term.
There has been much debate as to whether patients
with severe COPD could gain a physiological training ef-
fect. Belman (27) suggested that patients with severe
COPD cannot be physiologically trained but that they
may bene¢t from a programme of peripheral muscle
training. Alternative mechanisms of improvement have
been attributed to desensitisation to dyspnoea, or im-
proved gait and stride length due to a practice e¡ect. In
this study a training e¡ect was di⁄cult to establish since
no speci¢c physiological assessment was undertaken.
There have however been two studies (28,29) that have
demonstrated that patients with severe COPD de¢ned
by FEV1can gain a physiological training e¡ect after reha-
bilitation. However, these were short-term studies, the
patients were younger than those studied here and the
level of dyspnoea was not de¢ned. Furthermore, our
study has shown that FEV1 was weakly correlated with
disability in patients with this degree of airways obstruc-
tion, so it cannotbe assumed that the degree of disability
was the same in our patients. In our studyexercise inten-
sity was based on dyspnoea rather than a speci¢c heart
or work rate and thismay be unlikely to produce though
may not preclude a training e¡ect. It was therefore di⁄-
cult to compare this training programme with that of
others.Theremay be a number of reasons as to why pa-
tients lost bene¢ts gained from exercise training after 6
months.One explanationmay be that the patients failed
to perform their exercises adequately or not at all. It ispossible that de¢ning exercise intensity individually due
to dyspnoea may contribute to the decline in exercise
performance since this method was reliant on the pa-
tients own perception of their performance. Such per-
ception would be subject to change over time according
to any number of factors including progressive disease
andmaintenance ofmotivation. Itmaybeuseful to assess
di¡erent methods of measuring intensity in future fol-
low-up programmes.
In conclusion, patients with moderately disabling
COPD who received an exercise intervention main-
tained improvements in exercise tolerance and health
status for 6 months. At1year therewas a signi¢cant dif-
ference in exercise tolerance between the Exercise and
Control groups due to a large decline in the Control
group. These results might indicate that rehabilitation
slows down the decline in exercise tolerance though
further research is required. Future studies need to as-
sess markers of deterioration such as exacerbation rate,
hospital stays and GP consultations in order to add to in-
formation already reported, some work has already ad-
dressed this (10). Further studies may also investigate
strategies to improve the maintenance of any improve-
ment or behavioural change obtained after the initial re-
habilitation programme.
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